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INTRODUCTION 


The increasing bandwidth requirement for data transmission and com- 
munication along with the congestion in the microwave portion of the 
electromagnetic spectrum have led to the development and utilization of 
the 20-30 GHz region of the spectrum. The use of these frequencies of- 
fers several advantages including high antenna gains with moderate phy- 
sical aperture sizes, significantly larger channel bandwidths when compar- 
ed with lower frequencies, and minimal atmospheric limitations when com- 
pared with infrared or optical channels. In spite of this latter advan- 
tage, the degrading effects of rainfall, clouds, atmospheric gases, and 
turbulence are still more severe in this portion of the spectrum than 
those found in the microwave region. 

Without question, rain attenuation is the dominant problem in the 
design of reliable, high capacity links operating above 10 GHz. Much 
has been learned in recent years about the nature of rain attenuatio;v and 
its statistical behavior. In addition, it has been observed that both 
cloud and turbulence produce amplitude scintillation, particularly at 
low elevation angles. Although this effect is not yet fully predictable, 
it seems to be reasonably well understood at the present time. 

Both of the effects mentioned in the preceding paragraph are mani- 
festations of a medium wMch Is random both in space and in time. Thus, 
it is natural to suppose that, in addition to the fading and amplitude 
scintillation observed, there will be concurrent fluctuations in the 
phase of the wave incident upon the receiving antenna both as a function 
of time and of space. As a consequence of this hypothesis, a series 
of angle of arrival measurements were conducted by The Ohio State Univer- 
sity's ElectroScience Laboratory utilizing the CTS 11.7 GHz beacon and 
the Comstar D/3 28.56 GHz beacon [l»2]. These measurements indicated 
that apparent angle of arrival fluctuations exceeded 0.1° for 0.01% of 
the time at both frequencies. Since these measurements were performed 
with a self-phased array having element separations of 1 m, it is evident 
that significant phase differences can occur over distances comparable 


1 


to aperture sizes typically in use. For this reason, an additional meas- 
urement was implemented to directly compare the signals received by aper- 
tures of significantly different sizes. The following report describes 
this experiment in detail and presents the initial results. 

An additional motivation of the experiment described herein is the 
examination of amplitude scintillation during fade events. Previous 
experiments have been unable to shed light directly on this process since 
the fading is non-stationary and, thus, a direct determination of signal 
variance cannot be used to reliably characterize the fluctuations of the 
amplitude. In contrast, in this experiment both antennas are expected 
to experience almost the same fading due to absorption and scatter on 
the path. Therefore, even though the signals are still non-stationary, 
their variances may be compared meaningfully. 

In the following, the experiment is described and the results ob- 
tained using the Comstar D/3 beacon are presented. 

GAIN DEGRADATION EXPERIMENT 


This experiment was designed to provide a direct comparison of the 
antenna gains realized by 0.6 and 5 m antennas operating on a 28 GHz 
earth-space path. In order to minimize the effect of spatial decorrela- 
tion due to separation of the two antennas, the two antennas were mounted 
coaxially with one in front of the other. This was accomplished without 
introducing additional aperture blockage by mounting a 0.6 m focal point 
feed antenna in front of the subreflector of a 5 m Cassegrainian fed 
antenna. Thus, the antennas shared the same physical and electrical bore- 
sights. The signals from these two antennas were switched in a manner 
analogous to that used in a conventional Dicke radiometer. This switch- 
ing alternately fed the respective signals to a common front end and 
PLL receiver, thus eliminating uncertainties arising from such causes as 
receiver drift. The details of this experimental arrangement will be 
described in the following. 
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The 28.56 GHz gain degradation experiment was Implemented In Aug- 
ust, 1979; however, the mixer-preamp purchased for this application was 
found to be defective and was returned to the manufacturer for repair. 

The repaired system became operational In January, 1980. Unfortunately, 
the spring rainfall was abnormally low In 1980, limiting the amount of 
useful data obtained. Then, In May 1980, a direct lightning strike to 
the X-band scanning radar caused severe damage to both the radar and the 
gain degradation digital data system. As the repairs to these systems 
were being completed, the Comstar D/3 28.56 GHz beacon was shut down on 
June 11, 1980. 

At th1ti point In time, the decision was made to convert the front 
end RF hardware for operation with the Comstar D/3 19.04 GHz beacon. 

This was made possible through the use of a new 19.04 GHz mixer-preamp 
provided by Intelsat. Although this new arrangement permitted the experi- 
ment to continue, a considerable loss of sensitivity was Incurred due to 
the decrease in frequency. This Is a result of the fact that the 5 m 
antenna Is only 289 wavelengths In diameter at this frequency and has a 
beamwidth In excess of 0.2°. Nevertheless, it was felt that the experi- 
ment should proceed under these conditions since a measurement of this 
type had never been performed before. 

The 19.04 GHz experiment became operational on July 27, 1980, and 
continued until the Comstar D/3 beacon was permanently shut down on Sept- 
ember 1, 1980. Fortunately, during this time period an excellent data 
set was obtained. Twenty-seven rain events and eighteen periods of en- 
hanced clear air scintillation were recorded during this period. There- 
fore, the following will concentrate on the 19 GHz measurements during 
this period. 

Concurrent with this effort, simultaneous measurements of radar 
backscatter at 3 GHz and radiometric temperature at 8 GHz were made along 
the same propagation path. These measurements were supported by Intelsat 
under Contract INTEL-066. The preliminary results of these measurements 
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are reported 1n References [3 and 



Satellite Beacon 


The Comstar C/3 19.04 GHz beacon transmitted an EIRP of +21 dBw 
with switched linear polarization. The long term frequency stability of 
this beacon was specified to be better than one part in 10 , and the 
short term stability was specified such that 90 percent of the transmit- 
ted power was to be contained within a band of 100 Hz, 

The 19.04 GHz beacon transmitted two orthogonal linear polariza- 
tions which were switched at a rate of 1 KHz. The narrow receiving band 
width of 85 Hz used in this experiment rejected the switching sidebands. 
Thus, a power loss of 6 dB was incurred as a consequence. 


Ground Terminal 


The ground terminal was located at The O.S.U. ESL Satellite Com- 
munications Facility in Columbus, Ohio. This site is located at a lati- 
tude of 40°00'10"N, longitude of 83°02'30"W, and elevation of 252 m above 
mean sea level. A photograph of the Satellite Communications Facility 
is rTiown in Figure 1. 


Antennas 

This gain degradation experiment utilized an existing 5 m Cassa- 
grainian fed parabolic antenna. A 0.6 m focal point feed antenna was 
mounted in front of the subreflector of the 5 m antenna as shown schemat- 
ically in Figure 2. A photograph of these antennas is shown in Figure 3. 

The nominal azimuth and elevation for the D/3 propagation path 
were 189° and 44°, respectively. After the 5 m antenna was accurately 
bore?,ighted on the satellite propagation path, the 0.6 m antenna pointing 
was ao‘jsted so that its pattern maximum coincided with that of the 5 m 
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Figure 1. The Ohio State University ElectroScience Laboratory Satellite Comniuni cations Facility. 
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Figure 2. Antenna arrangement for gain degradation experiment. 
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Figure 3. Antennas for gain degradation experiment. 


antenna, Patterns of these two antennas are shown In Figure 4. The 3 dB 
beamwidths of these antennas are 




EL 

0.6 m 

3.0° 

1.95 

5 m 

0.36° 

0.36 


The polarization of both antennas was vertical. Two steel struts wev'e 
welded on the frame of the 5 in antenna so that It was held In position 
accurately during these measurements and was not susceptible to wind buf^' 
feting. 


The gains of these antennas were 38.7 and 56.2 dB for the 0.6 m 
and 5 rn apertures, respectively. During operations, a pad was inserted 
in the waveguide for the 5 m antenna feed horn; this pad was adjusted so 
that the signals received by the two antennas were as nearly equal as 
possible. Thus, in effect, two antennas having equal gains but different 
beamwidths were utilized. 


Receiver 

A ferrite switch was used to alternately select one of the two an- 
tenna ports as shown in Figure 5. This switch was reversed every 30 sec- 
onds so that the signals received by the two different apertures could 
be compared over relatively short time intervals. The entire receiver 
cfiain beyond this switch was common to both antennas so that the relative 
comparisons were insensitive to receiver drift and gain changes. 

The front end mixer-preamp had a noise figure of 4.6 dB and pro- 
duced an IF of 1.05 GHz. The 1.05 GHz was then brought into the equip- 
ment building by means of coax and delivered to a Martin-Marietta PLL 
receiver. The received signal was subsequently down converted to 60 MHz, 
10 MHz, and finally 2.5 KHz for detection. The data bandwidth was 85 Hz. 
The link parameters are tabulated in Table 1; here, the system margin is 
found to be 22 dB. 
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Figure 4. Patterns of 0.6 m and 5 m antennas (f = 28.56 GHz). 
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Figure 5. Receiver block diagram. 
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TABLE 1 

LINK PARAMETERS - 19.04 GHz 


EIRP 

51.0 

dBm 

Free space path loss 

-209.1 

dB 

Clear air gas loss 

-1.1 

dB 

Ground antenna gain 

38.7 

dB 

W/G loss 

-2.0 

dB 

Polarization switching loss 

-6.0 

dB 

Received signal level 

-125.5 

dBm 


Noise figure * 46 dB 
Bandwidth » 85 Hz 

S/N 22.0 dB 


Data System 

The 0-5 volt output of the receiver was sampled every three seconds 
so that ten samples were obtained from each antenna before switching to 
the other antenna. These samples were digitized by an 8-bit A/D and then 
delivered to the data system. The ferrite switch drive signal was simult- 
aneously sampled and digitized so that each received signal sample could 
be associated with the proper antenna. A high level on this channel 
indicates that the 5 m antenna was active. 

These two data channels along with the other radar, radiometer, and 
station keeping data were processed by a data system consisting of HP-2115 
and LSI-2 minicomputers and a Pertec 9-track digital tape deck. The de- 
tails of this data system and record formats are given in Reference 5 , 
with the exception that the following additional channel assignments were 
used for this experiment; 
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Channel 15 - Receiver output far gain degradation experiment 
Channel 16 - Ferrite switch drive 

OPERATIONS AND DATA 


As noted earlier, twenty-seven rain events and eighteen periods of 
enhanced clear air scintillation were recorded during the data per1od^ 
These events were studied In detail to determine any differences between 
the received signal levels and variances for the two apertures. 

Since the satellite was not absolutely stationary, Its diurnal mo- 
tion produced small variations In the level of the signal received by the 
5 m antenna. These variations tend to be relatively slow and smooth, hav- 
ing a period of 24 hours. Thus, this effect can be removed readily In 
the process of data analysis. Of course, this variation could also have 
been eliminated by means of active tracking. However, it was believed to 
be essential that wind buffeting effects be eliminated by rigidly fixing 
the antenna pointing. 

A sample of raw data is shown In Figure 6 where the received output 
voltage 1s shown on the upper trace and the switch drive Is shown In 
the lower trace. The high switch drive level corresponds to the 5 m an- 
tenna and the lower level to the 0.6 m antenna. Thus, It 1s clear that 
the signal level received by the 5 m antenna is slightly higher in this 
case. This offset was eliminated by averaging 100 samples at the begin- 
ning and end of the data period for each antenna. These averages were 
then used to establish a linear offset between the two antennas which was 
then removed during processing. The 0.6 m antenna level was established 
as the reference. Figure 7 shows the results of this processing for the 
case shown In Figure 6. Clearly, the offset has been eliminated and the 
resulting deviations are found to be quite small, on the order of a few 
tenths of a decibel. 

The variance of each signal was also computed for every thirty sec- 
ond time period. These variances are normalized to the average power 
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Figure 6. Raw data showing received signal levels for the two antennas 
and the switch drive (day 227 hr 20 min 0 sec 7). The units 
on the upper ordinate are volts. 


13 






\A<* 


OF POOR QUALITY 


ty 



iT--^ 

I 





100 


aao aoo uoo soo mn 
TIHE (SAMPLES) 


n 

tvj 

O 

w-=< 




Figure 7. Processed data for the period shown In Figure 6 demonstrating 
the removal of the offset due to diurnal motion (day 227 hr 20 
min 0 sec 7). 
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level of the signal over the same time period. This normalized variance 
is a measure of the ratio of the power in the fluctuating component of 
the signal to the power in the steady component of the signal. The nor- 
malized variance is given in decibels by 

2 N (v.-v)^ 

where 

N 

V = ^ S V,. 
i s 1 ^ 

N = 10, 

"hh 

and v^ is the i sample of the 
culations is shown in Figure 8. 
signals are on the order of -40 
was relatively quiet. 

Examples of the temporal behavior of the signal variances are shown 
in Figures 9 and 10 for time periods when clear air scintillation was in 
evidence. In both of these cases, the variance levels were on the order 
of -35 to -40 dB prior to the onset of enhanced scintillation and in- 
creased to about -20 dB. The increase occurred rapidly in about two 
minutes for the case shown in Figure 9 and gradually over twenty minutes 
for that shown in Figure 10. Similarly, enhanced scintillation during a 
very shallow precipitation fade event is shown in Figure 11. In all of 
these cases, the behavior of the variances of the signals received by the 
two antennas appear to be indistinguishable. Amplitude scintillation of 
this type is almost always associated with the passage of cumulus clouds 
through the propagation path. 

Perhaps the most interesting result of these measurements was the 
occurrence of enhanced scintillation during the onset of precipitation 


received signal. A sample of these cal- 
Here the variances of both received 
dB for a time period when the troposphere 
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Figure 9. Variance behavior during enhanced clear air scintillation. 
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fade events, A number of events were observed 1n which the scintmation 
level of the larger aperture antenna consistently exceeded that of the 
smaller antenna during this onset period. Samples of these cases are 
shown In Figures 12, 13, 14, and 15, The Increases In each of these cas- 
es were on the order of 5 to 10 dB and lasted for about 5 to 10 minutes. 
This characteristic was never observed during the period of recovery from 
a fade event. Similarly, the variance of the smaller antenna was never 
observed to remain consistently above that of the larger aperture. 

At this point, one can only speculate about the physical mechanism 
leading to this result. A simplistic hypothesis would be to suggest 
that this effect Is related to Increased turbulence along the leading 
edge of a rain cell. This turbulence could. In turn, lead to Increased 
angle of arrival and/or phase front fluctuation. Such an Increase would, 
Indeed, have a more dramatic effect on a larger aperture, narrower beam- 
width antenna. In constrast, a mechanism leading only to amp’' ^e scin- 
tillation should be Indistinguishable by the two antennas. 

Another factor which might contribute to this behavior Is the pre- 
sence of very high humidity in the region just ahead of the leading edge 
of the rain cell. This would tend to enhance the effect of any turbulence 
of the electromagnetic wave. Furthermore, it Is reasonable to conjecture 
that the humidity would be considerably higher in the region ahead of the 
rain cell than In the region behind the cell. Misvertheless, these com- 
ments about turbulence and humidity can neither be substantiated nor dis- 
counted on the basis of measurements available at the present time. 

The behavior noted above was not observed in every case. For exam- 
ple, the two deep fade events shown in figures 16 and 17 show substantial- 
ly the same variance behavior for both the lar' ^ and the small apertures. 

STATISTIC^' 


The cumulative statistics of both the instantaneous signal levels 
and normalized variances associated with both apertures were generated 
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Figure 13. Enhanced large aperture scintillation during onset of pre 
cipitatlon fading. 
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Figure 14. Enhanced large aperture scintillation during onset of pre^ 
cipitation fading. 

















for the entire data period, These are shown In Figures 18 and 19. 

In the case of the distribution of the received signal level, Figure 
18, the results are Indistinguishable for fade depths to about 10 dB or 
percentage times greater than 25^. For greater fade depths the signal le- 
vel associated with the smaller aperture falls consistently below that for 
the larger aperture. This result Is Indeed surprising. One would expect 
the probability of occurrence of a deep fade to be higher for the larger 
antenna If angle of arrival fluctuation were the dominant mechanism. The 
difference In signal level Is not large, I.e., It Is only about 3 dB; 
nevertheless, the difference is large enough to be significant. A satis- 
factory explanation of this result has not been found at the present time. 

The distributions of the variances are shown In Figure 19. In 
this case, it was found that the variance associated with the larger aper- 
ture exceeded that of the smaller aperture for almost 50^ of the time. 

This result agrees with the characteristic noted earlier that the large 
aperture variance was often larger during the onset of precipitation fad- 
ing. However, the likelihood of this occurrence is much larger than 
can be associated only with fade events. In addition, In a statistical 
sense, the differences in variance are only 2 to 3 dB for smaller percent- 
ages of time. 

The behavior of the variances appears to be consistent with the con- 
cept of amplitude fluctuation induced by angle of arrival variation. 
However, this seems to be inconsistent with the results obtained for the 
signal level distributions which, as noted earlier, seemed to imply that 
angle of arrival variation could not be the dominant mechanism. 

Obviously, additional measurements and study will be required to 
clarify these uncertainties. The shut-down of the 28 GHz D/3 beacon 
was Indeed unfortunate for this experiment since the expected sensitivity 
of the experiment was reduced considerably. The availability of the D/4 
28 GHz beacon will permit these problems to be re-examined In greater 
detail and will, hopefully, allow progress to be made In the understanding 
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Figure 19. Variance distribution for large and small apertures. 




of these phenomena. 


SUMMARY 


The results of 19 GHz gain degradation measurements using the Com- 
star 0/3 beacon have been reported. These measurements compared the re- 
ceived signal levels for 0,6 and 5 m apertures which viewed the same 
physical and electrical propagation path. 

The variance of the signal associated with the larger aperture of- 
ten exceeded that of the smaller aperture for 5 to 10 minutes priov’ to 
the onset of precipitation fading. The difference between the variances 
under these circumstances was as large as 10 dB. Furthermore, on a statis- 
tical basis, the variance associated with the larger aperture tended to 
be 2 to 3 dB above that of the smaller aperture for rather large percent- 
ages of time. 

In contrast with the variance behavior, the signal level associated 
with the larger aperture tended to be about 3 dB higher than that of the 
smaller antenna for percentage times less than about 2 %, This latter 
result tends to contradict explanations based on angle of arrival fluctu- 
ation. Further measurement and study will be required to eliminate this 
dilemma. 
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